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(57) ABSTRACT

A planetary gear train includes an iput shait and an output
shaft. A first planetary gear set has first, second, and third
rotational elements. A second planetary gear set has fourth,
fifth, and sixth rotational elements. A third planetary gear set
has seventh, eighth, and minth rotational elements. A fourth
planetary gear set has tenth, eleventh, and twelfth rotational
clements. A first shaft 1s fixedly connected with the twelith
rotational element and fixedly connected with the input
shaft. A second shait 1s fixedly connected with the fifth
rotational element and the eighth rotational element, and
fixedly connected with the output shaft. A third shaft is
fixedly connected with the fourth rotational element. A
fourth shafit 1s fixedly connected with the seventh rotational

clement. A fifth shaft i1s fixedly connected with the sixth
rotational element and the ninth rotational element.

20 Claims, 5 Drawing Sheets
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PLANETARY GEAR TRAIN OF AUTOMATIC
TRANSMISSION FOR VEHICLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Appli-
cation No. 10-2017-0121371, filed in the Korean Intellectual

Property Office on Sep. 20, 2017, which application 1is
hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to an automatic transmission
for a vehicle.

BACKGROUND

Generally, 1 automatic transmission {field, achieving
more shift stages 1s a technology for maximizing fuel
consumption and driving efliciency and has been researched,
and recent increases 1n o1l prices are triggering hard com-
petition 1 enhancing fuel consumption of a vehicle.

In this sense, research on an engine has been undertaken
to achieve weight reduction and to enhance fuel consump-
tion by so-called downsizing, and research on an automatic
transmission has been performed to simultaneously provide
better drivability and fuel consumption by achieving more
shift stages.

In order to achieve more shift stages for an automatic
transmission, the number of parts, particularly the number of
planetary gear sets 1s typically increased and installability,
production cost, weight, and power flow efliciency accord-
ing to total length of transmission 1s increased.

Therelfore, 1n order to maximally enhance tuel consump-
tion of an automatic transmission having more shift stages,
it 1s important for better efliciency to be derived by a smaller
number of parts.

In this respect, an eight-speed automatic transmission has
been recently introduced, and a planetary gear train for an
automatic transmission enabling more shift stages i1s con-
tinuously required.

However, the majority of general automatic transmissions
having more than eight speeds include three to four plan-
ctary gear sets and five to seven control elements (friction
clement), 1n this case, total length 1s increased, which has
drawbacks of deteriorating installability.

As aresult, plural rows structure which planetary gear sets
are on planetary gear sets has been adopted, or a dog clutch
1s applied 1n place of wet control elements. However, 1n this
case, applicable structure 1s restricted and shift feel 1s
deteriorated by applying the dog clutch.

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the ivention and therefore 1t may contain
information that does not form the prior art that 1s already
known 1n this country to a person of ordinary skill 1n the art.

SUMMARY

Embodiments of the present invention relate to an auto-
matic transmission for a vehicle. Particular embodiments
relate to a planetary gear train of an automatic transmission
for a vehicle having advantages of, by minimal complexity,
realizing nine forward speeds, thereby improving power
delivery performance and fuel consumption due to multi-
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2

stages, and i1mproving driving stability of a vehicle by
utilizing a low rotation speed of an engine.

Embodiments of the present invention provide a planetary
gear train of an automatic transmission for a vehicle having
advantages of obtaining shift-stages of the forward nine
speeds by mimimal number of parts, improving power deliv-
ery performance and fuel consumption by multi-stages of an
automatic transmission, and improving driving stability of a
vehicle by utilizing a low rotation speed of an engine.

A planetary gear train according to an exemplary embodi-
ment of the present mvention includes an mmput shaft for
receiving an engine torque. An output shait delivers a torque
to an output gear. A first planetary gear set has first, second,
and third rotational elements and a second planetary gear set
has fourth, fifth, and sixth rotational elements. A third
planetary gear set has seventh, eighth, and ninth rotational
clements and a fourth planetary gear set has tenth, eleventh,
and twellth rotational elements. A first shait 1s fixedly
connected with the twelith rotational element and fixedly
connected with the mput shaft. A second shaft 1s fixedly
connected with the fifth rotational element and the eighth
rotational element, and fixedly connected with the output
shaft. A third shaft fixedly 1s connected with the fourth
rotational element. A fourth shaft 1s fixedly connected with
the seventh rotational element. A fifth shaft 1s fixedly con-
nected with the sixth rotational element and the ninth
rotational element. A sixth shait 1s fixedly connected with
the tenth rotational element. Each of a plurality of shatts 1s
selectively connected to the transmission housing and
fixedly connected to a rotation element of the first and fourth
planetary gear sets that 1s not fixedly connected with any of
the first to six shafts.

Here, the plurality of shalfts comprise a seventh shait
fixedly connected with the first rotational element and the
cleventh rotational element, and selectively connected with
the transmission housing; and an eighth shaft fixedly con-
nected with the third rotational element, and selectively
connected with the transmission housing. The input shatt 1s
selectively connected with the first shaft, the input shatt 1s
selectively connected with the second shaft. The fifth shaift
1s selectively connected with the seventh shait, and the third
shaft 1s selectively connected with the fifth shaft.

The planetary gear train further includes four clutches
selectively connecting two shafts among the first to the
cighth shaft, and two brakes selectively connecting the
seventh shaft and the eighth shaft to the transmission hous-
ing, respectively.

At this time, the four clutches include a first clutch
disposed between the first shait and the fifth shait, a second
clutch disposed between the fourth shait and the seventh
shaft, a third clutch disposed between the fourth shaft and
the sixth shaft, and a fourth clutch disposed between the
third shaft and the sixth shatt, the two brake include a first
brake disposed between the seventh shait and the transmis-
sion housing; and a second brake disposed between the
cighth shaft and the transmission housing.

Further, the first planetary gear set 1s a single pinion
planetary gear set, and the first, second, and third rotational
clements are respectively a first sun gear, a {irst planetary
carrier, and a first ring gear, the second planetary gear set 1s
a single pinion planetary gear set, and the fourth, fifth, and
sixth rotational elements are respectively a second sun gear,
a second planetary carrier, and a second ring gear, the third
planetary gear set 1s a single pinion planetary gear set, and
the seventh, eighth, and ninth rotational elements are respec-
tively a third sun gear, a third planetary carrier, and a third
ring gear, and the fourth planetary gear set 1s a single pinion
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planetary gear set, and the tenth, eleventh, and twelith
rotational elements are respectively a fourth sun gear, a
fourth planetary carrier, and a fourth ring gear.

Further, the second and third planetary gear set are
compound planetary gear sets which the fourth rotational
clement 1s the second sun gear, the fifth and the eighth
rotational elements are sharing planetary carriers, the sixth
and ninth rotational elements are sharing ring gears, the
seventh rotational element 1s the third sun gear.

Further, the output gear 1s disposed 1n front of the first
planetary gear set.

A planetary gear train of an automatic transmission for a
vehicle according to an exemplary embodiment of the
present invention, shift-stages of forward nine speeds and
one reverse speed may be realized by combination of four
planetary gear sets of simple planetary gear sets and six
control elements.

Further, a planetary gear train according to an exemplary
embodiment of the present invention may realize shift stages
appropriate for rotation speed of an engine due to multi-
stages of an automatic transmission and improve driving
stability of a vehicle by utilizing a low rotation speed of an
engine.

Further, a planetary gear train according to an exemplary
embodiment of the present invention maximize engine driv-
ing efliciency by multi-stages of an automatic transmission,
and may improve power delivery performance and fuel
consumption.

Further, eflects that can be obtamned or expected from
exemplary embodiments of the present invention are directly
or suggestively described 1n the following detailed descrip-
tion. That 1s, various ellects expected from exemplary
embodiments of the present invention will be described 1n
the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a planetary gear train
according to a first exemplary embodiment of the present
invention.

FIG. 2 1s an operational chart for respective control
clements at respective shilt stages in a planetary gear train
according to a first exemplary embodiment of the present
invention.

FIG. 3 1s a schematic diagram of a planetary gear train
according to a second exemplary embodiment of the present
invention.

FIG. 4 1s a schematic diagram of a planetary gear train
according to a third exemplary embodiment of the present
invention.

FIG. 5 1s a schematic diagram of a planetary gear train
according to a fourth exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Hereinafter, an exemplary embodiment of the present
invention will be described in detall with reference to
drawings.

The drawings and description are to be regarded as
illustrative 1in nature and not restrictive, and like reference
numerals designate like elements throughout the specifica-
tion.

In the following description, dividing names of compo-
nents 1nto first, second, and the like i1s to divide the names
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because the names of the components are the same as each
other and an order thereof 1s not particularly limited.

FIG. 1 1s a schematic diagram of a planetary gear train
according to a first exemplary embodiment of the present
ivention.

Referring to FIG. 1, a planetary gear train according to a
first exemplary embodiment of the present invention
includes first, second, third, and fourth planetary gear sets
PG1, PG2, PG3, and PG4 arranged on a same axis, an mput
shaft IS, an output shait OS, eight shafts TM1 to TMS
connected with rotational elements of the first, second, third,

and fourth planetary gear sets PG1, PG2, PG3, and PG4,
four clutches C1 to C4 and two brakes B1 and B2 as control
clements, and a transmission housing H.

Torque mput from the input shait IS 1s shifted by coop-

crative operation ol the first, second, third, and fourth
planetary gear sets PG1, PG2, PG3, and PG4, and then
output through the output shatt OS.

In an exemplary embodiment of the present invention, the
planetary gear sets are arranged 1n the order of first, second,
third and fourth planetary gear sets PG1, PG2, PG3 and
PG4, from an engine side.

The mput shaft IS 1s an mput member and the torque from
a crankshait of an engine, after being torque-converted
through a torque converter, 1s iput into the input shaft IS.

The output shaft OS 1s an output member, and being
arranged on a same axis with the mput shaft IS, delivers a
shifted torque to a drive shaft through a differential appa-
ratus which 1s not illustrated.

The first planetary gear set PG1 1s a single pinion plan-
ctary gear set, and includes a first sun gear S1, a first planet
carrier PC1 that supports a plurality of first pimion gear P1
externally engaged with the first sun gear S1 so that the first
pinion gear P1 may rotate and revolute, and a first ring gear
R1 internally engaged and torque-connected with a plurality
of the first pinion gear P1. The first sun gear S1 acts as a {irst
rotational element N1, the first planet carrier PC1 acts as a
second rotational element N2, and the first ring gear R1 acts
as a third rotational element N3.

The second planetary gear set PG2 i1s a single pinion
planetary gear set, and includes a second sun gear S2, a
second planet carrier PC2 that supports a plurality of second
pinion gear P2 externally engaged with the second sun gear
S2 so that the second pinion gear P2 may rotate and revolute,
and a second ring gear R2 internally engaged and torque-
connected with a plurality of the second pinion P2. The
second sun gear S2 acts as a fourth rotational element N4,
the second planet carrier PC2 acts as a fifth rotational
clement N5, and the second ring gear R2 acts as a sixth
rotational element N6.

The third planetary gear set PG3 i1s a single pinion
planetary gear set, and includes a third sun gear S3, a third
planet carrier PC3 that supports a plurality of a third pinion
gear P3 externally engaged with the third sun gear S3 so that
the third pimion gear P3 may rotate and revolute, and a third
ring gear R3 internally engaged and torque-connected with
a plurality of the third pinion P3. The third sun gear S3 acts
as a seventh rotational element N7, the third planet carrier
PC3 acts as a eighth rotational element N8, and the third ring
gear R3 acts as a ninth rotational element N9.

The fourth planetary gear set PG4 1s a single pinion
planetary gear set, and includes a fourth sun gear S4, a fourth
planet carrier PC4 that supports a fourth pinion P4 externally
engaged with the fourth sun gear S4, and a fourth ring gear
R4 internally engaged with the fourth pinion P4. The fourth
sun gear S4 acts as a tenth rotational element N10, the fourth




US 10,323,726 B2

S

planet carrier PC4 acts as an eleventh rotational element
N11, and the fourth ring gear R4 acts as a twelith rotational
clement N12.

In the arrangement of the first, second, third, and fourth
planetary gear sets PG1, PG2, PG3, and PG4, the first

rotational element N1 1s fixedly connected with the eleventh
rotational element N11, the second rotational element N2 1s
fixedly connected with the fifth rotational element NS and
the eighth rotational element N8, and the sixth rotational

clement N6 1s fixedly connected with the ninth rotational
clement N9 by eight shafts TM1 to TMS.

The eight shafts TM1 to TMS8 are arranged as follows.

The first shait TM1 1s fixedly connected with the twelith
rotational element N12 (the fourth ring gear R4) and fixedly
connected with the input shait IS, thereby always acting as
an put element.

The second shait TM2 1s fixedly connected with the
second rotational element N2 (the first planetary carrier
PC1), the fifth rotational element N5 (the second planetary
carrier PC2), and the eight rotational element (the third
planetary carrier PC3), and fixedly connected with the
output shaft OS, thereby always acting as an output element.

The third shatt TM3 1s fixedly connected with the fourth
rotational element N4 (the second sun gear S2).

The fourth shaft TM4 1s fixedly connected with the
seventh rotational element N7 (the third sun gear S3).

The fifth shaft TMS 1s fixedly connected with the sixth
rotational element N6 (the second ring gear R2) and the
ninth rotational element N9 (the third ring gear R3).

The sixth shait TM6 1s fixedly connected with the tenth
rotational element N11 (the fourth sun gear S4).

The seventh shait TM7 1s fixedly connected with the first
rotational element N1 (the first sun gear S1) and the eleventh
rotational element N11 (the fourth planetary carrier PC4),
and selectively connected with the transmission housing H,
thereby acting a selective fixed element.

The e1ghth shaft TMS8 i1s fixedly connected with the third
rotational element N3 (the first ring gear R1), and selectively
connected with the transmission housing H, thereby acting
as a selective fixed element.

Each of the eighth shafts TM1 to TM8 may be a rotational
member that delivers torque and rotates with rotational
clement which fixedly or selectively interconnects a plural-
ity of the rotational elements of the rotational elements of the
planetary gear sets PG1, PG2, PG3, and PG4, and the eight
shafts TM1 to TMS8 may be a rotational member selectively
connecting the rotational element with the transmission
housing H, or be a fixed member directly connecting and
fixing the rotational element with the transmission housing
H.

In the disclosure, in the above description, the term
“fixedly connected” or similar term means that a plurality of
rotational elements including the input and output shatits,
which are connected through the corresponding shafts, and
the corresponding shait are connected so as to rotate without
any difference in the number of revolutions. That 1s, a
plurality of fixedly connected rotational elements and cor-
responding shaits rotate 1n the same rotation direction and
number of revolutions.

In addition, 1n the above description, the term “selectively
connected” or similar terms means that a plurality of shafts,
including an mput and output shafts, are connected to each
other so as to be rotatable 1n the same rotation direction and
number of revolutions through engagement elements, or the
corresponding shaft 1s fixedly connected to the transmission
housing via the engagement element.
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That 1s, when the engagement element operates to selec-
tively connect a plurality of the shatts, the plurality of the
shalts rotate in the same rotation direction and number of
revolutions. Conversely, when the engagement element 1s
released, the connection of the plurality of the shatts 1s
released.

Further, when the engagement element operates to selec-
tively connect the corresponding shait and the transmission
housing, the corresponding shaft 1s fixedly connected to the
transmission housing. Conversely, when the engagement
clement 1s released, the corresponding shaift 1s in a rotatable
state.

Here, the first shait TM1 1s selectively connected with the
fifth shait TMS, the fourth shaft TM4 1s selectively con-
nected with the sixth shaft TM6 and the seventh shaft TM7,

respectively, and the third shaft TM3 1s selectively con-
nected with the sixth shatt TM6.

Further, the seventh shaft TM7 and the eighth shaft TMS8

are selectively connected with the transmission housing H
respectively to act as a selective fixed element.

Further, the output gear OG 1s disposed in front of the first
planetary gear set.

The eight shafts TM1 to TM8 may be selectively inter-
connected with one another by control elements of four
clutches C1 to C4.

Further, the eight shafts TM1 to TM8 may be selectively
connected with the transmission housing H, by control
clements of two brakes B1 and B2.

The four clutches C1 to C4 and the two brakes B1 and B2
are arranged as follows.

The first clutch C1 1s arranged between the first shaft TM1
and the fifth shaft TM5, and selectively connects the first
shaft TM1 and the fifth shaft TMS, thereby controlling
power delivery therebetween.

The second clutch C2 is arranged between the fourth shaift
TM4 and the seventh shaft TM7, and selectively connects
the fourth shaft TM4 and the seventh shaft TM7, thereby
controlling power delivery therebetween.

The third clutch C3 1s arranged between the fourth shaft
TM4 and the sixth shaft TM6, and selectively connects the
fourth shaft TM4 and the sixth shait TM6, thereby control-
ling power delivery therebetween.

The fourth clutch C4 1s arranged between the third shaft
TM3 and the sixth shaft TM6, and selectively connects the
third shaft TM3 and the sixth shait TM6, thereby controlling
power delivery therebetween.

The first brake B1 1s arranged between the seventh shaift
TM7 and the transmission housing H, and selectively con-
nects the seventh shait TM7 to the transmission housing H.

The second brake B2 1s arranged between the eighth shaft
TMS8 and the transmission housing H, and selectively con-
nects the eighth shaft TMS8 to the transmission housing H.

The engagement elements of the first, second, third, and
fourth clutches C1, C2, C3, and C4 and the first and second
brakes B1 and B2 may be realized as multi-plate hydraulic
pressure iriction devices that are irictionally engaged by
hydraulic pressure, however, 1t should not be understood to
be limited thereto, since various other configuration that are
clectrically controllable may be available.

FIG. 2 1s an operational chart for respective control
clements at respective shilt stages in a planetary gear train
according to a {first exemplary embodiment of the present
invention.

Referring to FI1G. 2, a planetary gear train according to an
exemplary embodiment of the present invention realizes
nine forward speeds and at least one reverse speed by
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operating three engagements among the first, second, and
third clutches C1, C2, C3 and C4 and first and second brake

B1 and B2.

In the forward first speed shift-stage D1, the first and
fourth clutches C1 and C4 and the second brake B2 are

simultaneously operated.

As a result, the first shaft TM1 1s fixedly connected with
the fifth shait TMS by the operation of the first clutch C1,
and the third shatt TM3 1s fixedly connected with the sixth
shaft TM6 by the operation of the fourth clutch C4. In this

state, torque of the Input shaft IS 1s mput to the first shaift
TMI1.

In addition, the eighth shaft TMS8 acts as a fixed element
by the operation of the second brake B2, thereby realizing
the forward first speed and outputting a shifted torque to the
output shait OS connected with the second shaft TM2.

In the forward second speed shift-stage D2, the second
and fourth clutches C2 and C4 and the second brake B2 are
simultaneously operated.

As aresult, the fourth shatt TM4 1s fixedly connected with
the seventh shait TM7 by the operatlon of the second clutch
C2, and the third shaft TM3 1s fixedly connected with the
sixth shatt TM6 by the operation of the fourth clutch C4. In
this state, torque of the Input shaft IS 1s input to the first shaft
TMI1.

In addition, the eighth shaft TMS8 acts as a fixed element
by the operation of the second brake B2, thereby realizing
the forward second speed and outputting a shifted torque to
the output shaft OS connected with the second shaft TM2.

In the forward third speed shift-stage D3, the third and
fourth clutches C3 and C4 and the second brake B2 are
simultaneously operated.

As aresult, the fourth shatt TM4 1s fixedly connected with
the sixth shait TM6 by the operation of the third clutch C3,
and the third shatt TM3 i1s fixedly connected with the sixth
shaft TM6 by the operation of the fourth clutch C4. In this
state, torque of the Input shaft IS 1s mput to the first shaft
TML1.

In addition, the eighth shaft TMS8 acts as a fixed element
by the operation of the second brake B2, thereby realizing
the forward third speed and outputting a shifted torque to the
output shaift OS connected with the second shait TM2.

In the forward fourth speed shift-stage D4, the second and
third clutches C1 and C3 and the second brake B2 are
simultaneously operated.

As aresult, the fourth shatt TM4 1s fixedly connected with
the seventh shait TM7 by the operatlon of the second clutch
C2, and the fourth shaft TM4 1s fixedly connected with the
sixth shait TM6 by the operation of the third clutch C3. In
this state, torque of the Input shaift IS 1s input to the first shaift
TML1.

In addition, the eighth shaft TMS8 acts as a fixed element
by the operation of the second brake B2, thereby realizing
the forward fourth speed and outputting a shifted torque to
the output shait OS connected with the second shait TM2.

In the forward fifth speed shift-stage D5, the first and third
clutches C1 and C3 and the second brake B2 are simulta-
neously operated.

As a result, the first shaft TM1 1s fixedly connected with
the fifth shaft TMS by the operation of the first clutch C1,
and the fourth shatt TM4 1s fixedly connected with the sixth
shaft TM6 by the operation of the third clutch C3. In this
state, torque of the Input shait IS 1s mput to the first shaift
TML1.

In addition, the eighth shaft TMS8 acts as a fixed element
by the operation of the second brake B2, thereby realizing
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the forward fifth speed and outputting a shifted torque to the
output shatt OS connected with the second shait TM2.

In the forward sixth speed shift-stage D6, the first and
second clutches C1 and C2 and the second brake B2 are
simultaneously operated.

As a result, the first shait TM1 1s fixedly connected with
the fifth shaft TMS3 by the operation of the first clutch C1,
and the fourth shaft TM4 1s fixedly connected with the
seventh shaft TM7 by the operation of the second clutch C2.
In this state, torque of the Input shaift IS 1s 1nput to the first
shaft TM1.

In addition, the eighth shait TM8 acts as a fixed element
by the operation of the second brake B2, thereby realizing
the forward si1xth speed and outputting a shifted torque to the
output shatt OS connected with the second shait TM2.

In the forward first speed shift-stage D1, the first, second,
and third clutches C1 to C3 are simultaneously operated.

As a result, the first shait TM1 1s fixedly connected with
the fifth shaft TMS by the operation of the first clutch C1,
and the fourth shaft TM4 1s fixedly connected with the
seventh shaft TM7 by the operation of the second clutch C2,
and the fourth shait TM4 1s fixedly connected with the sixth
shaft TM6 by the operation of the third clutch C3. In this
state, torque of the Input shaft IS 1s mput to the first shaft
TML1.

Then, the first, second, third, and fourth planetary gear
sets PG1, PG2, PG3, and PG4 integrally rotate, and the
torque received at the first shait TM1 1s outputted as
inputted, thereby realizing the forward seventh speed and
outputting a shifted torque through the output shaft OS
connected with the second shaft TM2.

In the forward eighth speed shift-stage D8, the first and
second clutches C1 and C2 and the first brake Bl are
simultaneously operated.

As a result, the first shait TM1 1s fixedly connected with
the fifth shaft TMS by the operation of the first clutch C1,
and the fourth shaft TM4 1s fixedly connected with the
seventh shaft TM7 by the operation of the second clutch C2.
In this state, torque of the Input shaft IS 1s 1input to the first
shaft TM1.

In addition, the seventh shaft TM7 acts as a fixed element
by the operation of the first brake B1, thereby realizing the
forward eight speed and outputting a shifted torque to the
output shatt OS connected with the second shait TM2.

In the forward ninth speed shift-stage D9, the first and
third clutches C1 and C3 and the first brake B1 are simul-
taneously operated.

As a result, the first shait TM1 1s fixedly connected with
the fifth shaft TMS by the operation of the first clutch C1,
and the fourth shait TM4 1s fixedly connected with the sixth
shaft TM6 by the operation of the third clutch C3. In this
state, torque of the Input shaft IS 1s mput to the first shaft
TML1.

In addition, the seventh shaft TM7 acts as a fixed element
by the operation of the first brake B1, thereby realizing the
forward ninth speed and outputting a shifted torque to the
output shatt OS connected with the second shait TM2.

In the reverse speed REV, the first and fourth clutches C1
and C4, and the first brake B1 are simultaneously operated.

As a result, the first shait TM2 1s fixedly connected with
the fifth shaft TMS by the operation of the first clutch C1,
and the third shatt TM3 i1s fixedly connected with the sixth
shaft TM6 by the operation of the fourth clutch C4. In this
state, torque of the Input shait IS 1s mput to the first shaift
TML1.

In addition, the first shaft TM1 acts as a fixed element by
the operation of the first brake B1, thereby realizing the
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reverse speed and outputting a shifted torque to the output
shaft OS connected with the second shaft TM2.

FIG. 3 1s a schematic diagram of a planetary gear train
according to a second exemplary embodiment of the present
invention.

Referring to FI1G. 3, 1n a planetary gear train according to
a second exemplary embodiment of the present imnvention,
connection relation of all rotational elements 1s same with
that of the planetary gear train according to a first exemplary
embodiment of the present invention, however, there 1s a
difference that the output gear OG 1s disposed between the
first planetary gear set PG1 and the second planetary gear set
PG2 1n the second exemplary embodiment of the present
invention

Thus, the first and second exemplary embodiments only
differ 1n locations of the output gear OG, and other arrange-
ments and shifting operations are the same. Therefore,
specific description 1s omitted.

FIG. 4 1s a schematic diagram of a planetary gear train
according to a third exemplary embodiment of the present
invention.

Referring to FI1G. 4, 1n a planetary gear train according to
a third exemplary embodiment of the present invention, a
second planetary gear set PG2 which 1s a single pinion gear
set and a third planetary gear set PG3 which 1s a double
pinion gear set 1n the planetary gear train according to a first
exemplary embodiment of the present invention are com-
bined to be one compound planetary gear set CPG.

The compound planetary gear set CPG 1s a Ravingneaux
type which shares the ring gear and the planetary carrier, and
the fourth rotational element N4 1s a second sun gear S2, the
fifth and eighth rotational elements N5 and N8 are sharing
carriers PC23, the sixth and ninth rotational elements N6 and
N9 are sharing ring gears R23, and the seventh rotational
clement N7 1s a fourth sun gear S4.

Thus, the first and third exemplary embodiments only
differ 1n that the second and third planetary gear sets PG2
and PG3 are combined to be the compound planetary gear
set CPQG, and other arrangements and shifting operations are
the same. Therefore, specific description 1s omitted.

FIG. 5 1s a schematic diagram of a planetary gear train

according to a fourth exemplary embodiment of the present
invention.

Referring to FIG. 5, 1n a planetary gear train according to
a Tourth exemplary embodiment of the present invention, a
second planetary gear set PG2 which 1s a single pinion gear
set and a third planetary gear set PG3 which 1s a double
pinion gear set in the planetary gear train according to a
second exemplary embodiment of the present invention are
combined to be one compound planetary gear set CPG.

The compound planetary gear set CPG 1s a Ravingneaux
type which shares the ring gear and the planetary carrier, and
the fourth rotational element N4 1s a second sun gear S2, the
fifth and eighth rotational elements N5 and N8 are sharing
carriers PC23, the sixth and ninth rotational elements N6 and
N9 are sharing ring gears R23, and the seventh rotational
clement N7 1s a fourth sun gear S4.

Thus, the second and fourth exemplary embodiments only
differ 1n that the second and third planetary gear sets PG2
and PG3 are combined to be the compound planetary gear
set CPQG, and other arrangements and shifting operations are
the same. Therefore, specific description 1s omitted.

As described above, a planetary gear train according to an
exemplary embodiment of the present invention may realize
forward nine speeds and a reverse one speed formed by
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operating four planetary gear sets PG1, PG2, PG3, and PG4
by controlling the four clutches C1, C2, C3, and C4 and the

two brakes B1 and B2.

In addition, a planetary gear train according to an exem-
plary embodiment of the present invention may realize shift
stages appropriate for rotation speed of an engine due to
multi-stages of an automatic transmission and improve
driving stability of a vehicle by utilizing a low rotation speed
ol an engine.

In addition, a planetary gear train according to an exem-
plary embodiment of the present invention may maximize
engine driving efliciency by multi-stages of an automatic
transmission, and may improve power delivery performance
and fuel consumption.

While this mvention has been described in connection
with what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary,
1s 1ntended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims.

What 1s claimed 1s:

1. A planetary gear train of an automatic transmission for
a vehicle, the planetary gear train comprising:

an input shait configured to receive an engine torque;

an output shait configured to deliver a torque to an output
gear;

a first planetary gear set having first, second, and third
rotational elements;

a second planetary gear set having fourth, fifth, and sixth
rotational elements;

a third planetary gear set having seventh, eighth, and ninth
rotational elements;

a fourth planetary gear set having tenth, eleventh, and
twelfth rotational elements:

a first shait fixedly connected with the twelfth rotational
clement and fixedly connected with the mput shaft;

a second shait fixedly connected with the fifth rotational
clement and the eighth rotational element, and fixedly
connected with the output shaft;

a third shaft fixedly connected with the fourth rotational
element;

a fourth shaft fixedly connected with the seventh rota-
tional element:;

a {ifth shaft fixedly connected with the sixth rotational
element and the ninth rotational element;

a sixth shaft fixedly connected with the tenth rotational
element; and

a plurality of additional shaits, each additional shait being
selectively connected to a transmission housing and
fixedly connected to a rotation element of the first and
fourth planetary gear sets that 1s not fixedly connected
with any of the first to sixth shaits.

2. The planetary gear train of claim 1, wherein the

plurality of additional shatts comprise:

a seventh shaft fixedly connected with the first rotational
element and the eleventh rotational element, and selec-
tively connected with the transmaission housing; and

an eighth shaft fixedly connected with the third rotational
clement, and selectively connected with the transmis-
sion housing.

3. The planetary gear train of claim 2, wherein the first
shaft 1s selectively connected with the fifth shafit, the fourth
shaft 1s selectively connected with the seventh shaft, the
tourth shatt 1s selectively connected with the sixth shatt, and
the third shait 1s selectively connected with the sixth shaft.
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4. The planetary gear train of claim 3, further comprising;:

four clutches selectively connecting two shatts among the
first to the eighth shaft;

a first brake selectively connecting the seventh shaftt to the
transmission housing; and

a second brake selectively connecting the eighth shait to
the transmission housing.

5. The planetary gear train of claim 2, further comprising:

a first clutch disposed between the first shaft and the fifth
shaft;

a second clutch disposed between the fourth shait and the
seventh shaft;

a third clutch disposed between the fourth shaft and the
sixth shaft;

a fourth clutch disposed between the third shaft and the
sixth shaft;

a first brake disposed between the seventh shaft and the
transmission housing; and

a second brake disposed between the eighth shaft and the
transmission housing.

6. The planetary gear train of claim 5, wherein:

the first shatt 1s selectively connected with the fifth shaft;

the fourth shatt 1s selectively connected with the seventh
shaft;

the fourth shaft 1s selectively connected with the sixth

shaft; and

the third shatt 1s selectively connected with the sixth shatt.

7. The planetary gear train of claim 1, wherein:

the first planetary gear set 1s a single pinion planetary gear

set, and the first, second, and third rotational elements
are respectively a first sun gear, a first planetary carrier,
and a first ring gear,

the second planetary gear set 1s a single pinion planetary

gear set, and the fourth, fifth, and sixth rotational
clements are respectively a second sun gear, a second
planetary carrier, and a second ring gear,

the third planetary gear set 1s a single pimion planetary

gear set, and the seventh, eighth, and minth rotational
clements are respectively a third sun gear, a third
planetary carrier, and a third ring gear, and

the fourth planetary gear set 1s a single pinion planetary

gear set, and the tenth, eleventh, and twelith rotational
clements are respectively a fourth sun gear, a fourth
planetary carrier, and a fourth ring gear.

8. The planetary gear train of claim 7, wherein the second
and third planetary gear sets are compound planetary gear
sets which the fourth rotational element 1s the second sun
gear, the fifth and the eighth rotational elements are sharing
planetary carriers, the sixth and minth rotational elements are
sharing ring gears, the seventh rotational element 1s the third
sun gear.

9. The planetary gear train of claim 1, wherein the output
gear 1s disposed 1n front of the first planetary gear set.

10. The planetary gear train of claim 1, wherein the output
gear 1s disposed between the first planetary gear set and the
second planetary gear set.

11. A planetary gear train of an automatic transmission for
a vehicle, comprising:

an 1put shaft configured to receive an engine torque;

an output shaft configured to deliver a torque to an output

gear;

a first planetary gear set having first, second, and third

rotational elements;

a second planetary gear set having fourth, fifth, and sixth

rotational elements;

a third planetary gear set having seventh, eighth, and ninth

rotational elements; and
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a fourth planetary gear set having tenth, eleventh, and

twelfth rotational elements,

wherein the first rotational element 1s fixedly connected

with the eleventh rotational element, and selectively
connected with a transmission housing,

wherein the second rotational element 1s fixedly con-

nected with the fifth rotational element and the eight
rotational element, and fixedly connected with the
output shaft,

wherein the third rotational element 1s selectively con-

nected with the transmission housing,

wherein the fourth rotational element 1s selectively con-

nected with the tenth rotational element,

wherein the sixth rotational element 1s fixedly connected

with the ninth rotational element,

the seventh rotational element 1s selectively connected

with the tenth rotational element and the eleventh
rotational element, respectively,

the twellth rotational element 1s selectively connected

with the ninth rotational element.

12. The planetary gear train of claim 11, further compris-
ng:

four clutches selectively connecting rotational elements

with each other; and

two brakes selectively connecting the first rotational ele-

ment and the third rotational element to the transmis-
sion housing, respectively.

13. The planetary gear train of claim 12, wherein the four
clutches comprise:

a first clutch disposed between the ninth rotational ele-

ment and the twelfth rotational element;

a second clutch disposed between the seventh rotational

element and the eleventh rotational element;

a third clutch disposed between the seventh rotational

element and the tenth rotational element; and

a fourth clutch disposed between the fourth rotational

element and the tenth rotational element; and
wherein the two brakes comprise:

a first brake disposed between the first rotational element

and the transmission housing; and

a second brake disposed between the third rotational

clement and the transmission housing.

14. The planetary gear train of claim 11, wherein:

the first planetary gear set 1s a single pinion planetary gear

set, and the first, second, and third rotational elements
are respectively a first sun gear, a first planetary carrier,
and a first ring gear;

the second planetary gear set 1s a single pinion planetary

gear set, and the fourth, fifth, and sixth rotational
clements are respectively a second sun gear, a second
planetary carrier, and a second ring gear;

the third planetary gear set 1s a single pinion planetary

gear set, and the seventh, eighth, and ninth rotational
clements are respectively a third sun gear, a third
planetary carrier, and a third ring gear; and

the fourth planetary gear set 1s a single pinion planetary

gear set, and the tenth, eleventh, and twelith rotational
clements are respectively a fourth sun gear, a fourth
planetary carrier, and a fourth ring gear.

15. The planetary gear train of claim 14, wherein the
second and third planetary gear set are compound planetary
gear sets which the fourth rotational element 1s the second
sun gear, the fifth and the eighth rotational elements are
sharing planetary carriers, the sixth and ninth rotational
clements are sharing ring gears, the seventh rotational ele-
ment 1s the third sun gear.
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16. The planetary gear train of claim 11, wherein the
output gear 1s disposed in front of the first planetary gear set.

17. The planetary gear train of claim 11, wherein the
output gear 1s disposed between the first planetary gear set
and the second planetary gear set.

18. A planetary gear train of an automatic transmission for

a vehicle, the planetary gear train comprising:

a transmission housing;

an 1put shaft;

an output shaft;

a first planetary gear set having first, second, and third
rotational elements, wherein the first planetary gear set
1s a single pinion planetary gear set, and the first,
second, and third rotational elements are respectively a
first sun gear, a first planetary carrier, and a first ring
gear;

a second planetary gear set having fourth, fifth, and sixth
rotational elements, wherein the second planetary gear
set 1s a single pinion planetary gear set, and the fourth,
fifth, and sixth rotational elements are respectively a
second sun gear, a second planetary carrier, and a
second ring gear;

a third planetary gear set having seventh, eighth, and ninth
rotational elements, wherein the third planetary gear set
1s a single pimon planetary gear set, and the seventh,
eighth, and ninth rotational elements are respectively a
third sun gear, a third planetary carrier, and a third ring
gear;

a fourth planetary gear set having tenth, eleventh, and
twellth rotational elements, wherein the fourth plan-
ctary gear set 1s a single pinion planetary gear set, and
the tenth, eleventh, and twelfth rotational elements are
respectively a fourth sun gear, a fourth planetary car-
rier, and a fourth ring gear;

a first shaft fixedly connected with the twelfth rotational
clement and fixedly connected with the mput shaft;

a second shaft fixedly connected with the fifth rotational
clement and the eighth rotational element, and fixedly
connected with the output shatt;

a third shaft fixedly connected with the fourth rotational
element;
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a fourth shaft fixedly connected with the seventh rota-
tional element;

a {iith shaft fixedly connected with the sixth rotational
element and the ninth rotational element, wherein the
first shaft 1s selectively connected with the fifth shaft;

a sixth shaft fixedly connected with the tenth rotational
clement, wherein the fourth shait 1s selectively con-
nected with the sixth shaift and the third shaft 1s
selectively connected with the sixth shafit;

a seventh shait fixedly connected with the first rotational
element and the eleventh rotational element, and selec-
tively connected with the {transmission housing,
wherein the fourth shatt 1s selectively connected with
the seventh shaft; and

an eighth shaft fixedly connected with the third rotational
clement, and selectively connected with the transmis-
sion housing.

19. The planetary gear train of claim 18, further compris-

ng:

a first clutch disposed between the first shait and the fifth
shaft;

a second clutch disposed between the fourth shaft and the
seventh shaft;

a third clutch disposed between the fourth shait and the
sixth shatt:

a fourth clutch disposed between the third shait and the
sixth shaft:

a first brake disposed between the seventh shait and the
transmission housing; and

a second brake disposed between the eighth shaft and the
transmission housing.

20. The planetary gear tramn of claim 18, wherein the

second and third planetary gear set are compound planetary
gear sets which the fourth rotational element 1s the second
sun gear, the fifth and the eighth rotational elements are
sharing planetary carriers, the sixth and ninth rotational
clements are sharing ring gears, the seventh rotational ele-
ment 1s the third sun gear.
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